Pancreatic acinar cystadenomas (ACAs) are rare cystic lesions showing acinar differentiation with benign outcome. Although debated, ACAs are favored to be neoplastic and potentially the benign counterpart of acinar cystadenocarcinoma. We present the largest single institution series to date comprising 10 cases. The mean age was 49 years with a female predominance (M:F = 1:2.3). Abdominal/flank pain was the most common presentation (n = 6). Serum amylase/lipase and cyst fluid amylase were often elevated. All lesions had a benign outcome on followup (5 to 67 mo). The lesions were unilocular (n = 3) or multilocular (n = 7) with mean size of 3.8 cm (range, 2.9 to 5.0 cm) and 5.1 cm (range, 2.0 to 7.5 cm), respectively. Eight lesions were unifocal with locations as follows: head (n = 2), head/neck (n = 2), body (n = 1), tail (n = 1), predominantly extrapancreatic with a microscopic intrapancreatic component (n = 1), and unspecified location (n = 1). Two lesions were multifocal, involving the head/uncinate/body and pancreatic head, respectively. Two aspects of ACAs that may represent a diagnostic pitfall include the propensity for acinar epithelium to appear as nondescript flat/ cuboidal epithelium (trypsin/chymotrypsin immunopositive) and epithelial heterogeneity, with focal mucinous and squamous epithelium, the latter particularly in multilocular variants. In addition, 2 cases with intracystic nodules were observed. Array comparative genomic hybridization performed on 1 of these cases showed multiple chromosomal gains involving 1p, 3p, 5q, 6p, 7q, 8, 10q, 11, 14, 20, and X. These findings provide preliminary evidence that ACAs represent a cystic neoplastic lesion.
T he number of resections for cystic lesions of the pancreas has increased over the last decade, driven largely by incidental detection on imaging. [1] [2] [3] Commonly resected neoplastic cysts include intraductal papillary mucinous neoplasm (IPMN), mucinous cystic neoplasm (MCN), and serous cystadenoma (SCA). 2, 3 Other cystic neoplasms less frequently seen are cystic pancreatic endocrine tumors and solid pseudopapillary neoplasms. 2, 3 A variety of nonneoplastic cysts have also been described including lymphoepithelial cysts and squamous cysts. 3 Cysts demonstrating acinar differentiation are uncommon and include acinar cystadenoma (ACA) and acinar cystadenocarcinoma. Acinar cystadenocarcinoma is a malignant neoplasm, the behavior of which is identical to classic solid acinar cell adenocarcinoma. 4 ACA is a benign cystic epithelial lesion lined by cells with morphologic and immunohistochemical resemblance to acinar cells. 5 Only 12 cases of ACAs have been reported in the English literature. [5] [6] [7] [8] [9] [10] [11] The largest series to date included 6 cases from a multi-institutional study (4 additional cases in the study were incidental microscopic lesions in pancreata removed for other reasons). 5 On the basis of the available evidence, ACAs do not display aggressive behavior, and recurrence or metastasis has not been reported. [5] [6] [7] [8] [9] [10] [11] Although some evidence suggests that this lesion is neoplastic, this hypothesis remains unproven. [5] [6] [7] 11 Alternatively, this lesion may represent a non-neoplastic process, such as a developmental anomaly or postobstructive glandular dilatation. [5] [6] [7] 9 We present the largest series to date of a single institutional study of ACAs of the pancreas. We illustrate the wide morphologic spectrum of this neoplasm and provide additional evidence that this is a benign neoplasm of acinar lineage. ACAs closely mimic other benign cystic neoplasms of the pancreas, and the differential diagnosis of this entity is discussed. We also present examples of ACAs with intracystic mural nodules together with array comparative genomic hybridization (aCGH) analysis of these nodules. These latter cases provide further evidence supporting a neoplastic origin.
MATERIALS AND METHODS

Study Population
The study was approved by the institutional review board of Massachusetts General Hospital.
Cases of ACAs were prospectively identified by 2 of the authors between 2004 and 2011. ACAs were defined as cystic lesions lined predominantly by acinar-type epithelium and lacking cytologic atypia. One case was received in consultation with a diagnosis of ACA. A total of 10 ACAs were identified. No additional cases and no cases of acinar cystadenocarcinoma were detected through a retrospective search of the surgical pathology archives at Massachusetts General Hospital during this period.
Demographic and radiologic information was recorded, and follow-up information was obtained from patient medical records.
Pathologic Evaluation
All specimens were fixed in 10% neutral buffered formalin and embedded in paraffin. Deparaffinized sections were stained with hematoxylin and eosin (H&E). Histochemical staining analyses for periodic acid-Schiff, with and without diastase predigestion, and/or mucicarmine were performed on selected blocks in all cases.
Immunohistochemical stains for trypsin and/or chymotrypsin were performed in all cases to confirm the acinar nature of the lining epithelium. In addition, the following immunohistochemical staining analyses were performed in selected cases: CK7, CK19, chromogranin A, synaptophysin, b-catenin, MUC1, MUC5AC, MUC6, ER, PR, and Ki-67. The primary antibodies used are summarized in Table 1 .
aCGH Analysis
Genomic DNA was extracted from formalin-fixed, paraffin-embedded tissue using the QIAamp Blood Mini Kit (Qiagen, Valencia, CA). Genome-wide copy number alterations were analyzed by aCGH using the Agilent 4 Â 180k CGH+SNP microarray (Santa Clara, CA). The array contains 110,712 copy number probes covering both coding and noncoding human sequences with an overall median probe spacing of 25.3 kb (5 kb in regions defined by the International Standards of Cytogenomic Arrays). There are also 59,647 SNP probes present. Briefly, 1.5 mg of NA12891 European male genomic control DNA (Corriell Institute, Camden, NJ) and 1.5 mg of tumor DNA were heat treated at 951C for 5 minutes. Control and tumor DNA specimens were labeled by random priming with CY3-dUTP and CY5-dUTP dyes, respectively, using the Agilent Genomic DNA Enzymatic Labeling Kit. The labeled DNA specimens were purified with the Millipore Amicon 30 kDa centrifugal filter device (Billerica, MA) and mixed in equal proportion for hybridization to the array in the presence of Cot-1 DNA (Invitrogen, Carlsbad, CA) using the Agilent Oligo aCGH Hybridization Kit. Hybridization steps included 3 minutes denaturation at 951C, prehybridization for 30 minutes at 371C, and hybridization for 35 to 40 hours at 651C. After hybridization, the slides were washed with Agilent Oligo Array CGH Wash Buffer 1 and Buffer 2, at room temperature for 5 minutes and at 371C for 1 minute, respectively. The slides were washed in acetonitrile (Sigma, Saint Louis, MO) for 10 seconds. The final wash was performed in Agilent stabilization and drying solution for 30 seconds. Washed slides were scanned using the Agilent G2565CA Microarray Scanner. Microarray TIFF (.tif) images were processed and analyzed with Agilent Cyto-Genomics v2.0 software. Copy number aberration calls were made with a minimum regional absolute average log 2 ratio of 0.25 and a minimum contiguous probe count of 5. All array data were also manually reviewed for subtle copy number changes not detected by the software. SNP analysis was not performed in this experiment.
RESULTS
Clinicopathologic Features
A total of 10 ACAs were identified during the study period. The clinicopathologic features are summarized in Table 2 . During this time period 390 cystic neoplasms of the pancreas were resected at this institution.
The mean age was 49 years (median, 51 y; range, 24 to 71 y) with a female predominance (F:M = 2.3:1) ( Table 2 ). The majority presented with abdominal or flank pain (n = 6). Three cases were incidental findings on abdominal imaging, 1 detected during follow-up screening for renal cell carcinoma and the other 2 on abdominal imaging performed for unrelated indications. Information regarding clinical presentation was not available in 1 case.
Serum carbohydrate antigen 19-9, amylase, and lipase were evaluated in 4 cases, with a mean of 16.2 U/mL (median, 17 U/mL; range, 2 to 29 U/mL), 165.6 U/ L (median, 158.5 U/L; range, 3.4 to 342 U/L; normal, 3 to 100 U/L), and 369 U/dL (median, 387 U/dL; range, 35 to 685 U/dL; normal, 1.3 to 6.0 U/dL), respectively.
Six cases involved the head of the pancreas (3 head only, 2 head/neck, and 1 head/uncinate process/body) and 1 each the body and the tail. One case initially appeared extrapancreatic, arising from the mesentery anterior to the pancreas, medial to the spleen, and posterior to the stomach. However, microscopically, an intrapancreatic component was identified. Information regarding the location was unavailable in 1 case. Multifocality was detected in 2 cases, 1 involving the head, uncinate process, and body, and the other confined within the head of the pancreas.
Imaging
On the basis of imaging findings, lesions could be classified as unilocular (n = 3) or multilocular (n = 7) variants.
The unilocular variant was typically round and ranged from 2.9 to 5.0 cm (mean, 3.8 cm; median, 3.5 cm). These cysts were not associated with septa formation, mural nodules, calcification, or a thick wall. The background pancreas did not reveal evidence of chronic pancreatitis, and the main pancreatic duct was not dilated.
The multilocular variant ( Fig. 1 ) was characterized by internal septations without a solid component and ranged in size from 2 to 7.5 cm (mean, 5.1 cm; median, 5.6 cm). A trend toward larger size compared with the unilocular variant was observed (P = 0.26). Information regarding the size of the lesion was unavailable in 1 case. Like the unilocular variant, these lesions lacked radiologic features of malignancy.
Sequential imaging was available in 4 cases (2 unilocular, 2 multilocular), all showing an interval increase in size overtime (Table 3 ). These showed a mean increase of 1.5 cm (median, 0.8 cm; range, 0.3 to 4.2 cm) over a mean interval of 2.88 years (median, 3.5 y; range, 0.5 to 4 y).
There was no communication with the pancreatic ducts in 6 cases. In a further 3 cases, communication with the pancreatic duct could not be determined. One case showed focal communication with the pancreatic duct.
The range of differential diagnosis on imaging included pseudocysts, retention cysts, IPMNs, MCNs, gastrointestinal duplication cyst, and lymphangioma.
Cyst Fluid Analysis
Endoscopic ultrasound-guided fine-needle aspiration was performed on 7 patients. Biochemical analysis of cyst fluid was available in 6 of 7 cases and is presented in Table 2 . The mean carcinoembryonic antigen (CEA) level was 248.6 ng/mL (median, 194 ng/mL; range, 0.2 to 781 ng/mL) and mean amylase level 86,139 U/L (median, 45,847.5 U/L; range, 73 to 252,788 U/L).
Cytologic examination of the cyst fluid was performed in 7 cases. Two cases were nondiagnostic, and a further 2 cases were reported as "no malignant cells detected," with 1 containing macrophages consistent with a cyst. A further case was reported as "benign"; however, the formal cytologic report and smears were unavailable for review. One case was initially reported as benign; however, on review the possibility of a mucinous cyst was raised, although other cystic lesions could not be entirely excluded. The final case demonstrated cellular smears, which, at initial review, were believed to represent neuroendocrine cells. In retrospect, these cells likely represented normal acinar cells.
Surgical Procedure
Six patients underwent Whipple resection, whereas 2 patients had distal pancreatectomy with splenectomy, and 1 patient middle pancreatectomy with transgastric pancreato-gastro-anastomosis. In 1 patient, information regarding the surgical procedure was unavailable.
Histologic Features
Both multilocular and unilocular variants showed overlapping features; however, differences were noted ( Table 4 ).
Unilocular Variant
The unilocular variant was typically composed of a single cyst lined for the most part by flattened/cuboidal epithelium, which appeared nondescript with basally placed nuclei and pale apical cytoplasm or resembled ductal epithelium ( Fig. 2A ). In other areas, the lining epithelium displayed features recognizable as acinar with apical bright red granules, sometimes with apical snouting ( Fig. 2B ) and foci of abortive acinar differentiation ( Fig. 2C ). Overt evidence of acinar differentiation adjacent to the cyst wall was identified in 1 case, composed of dilated and interconnected acini communicating with the cyst (Fig. 2D ). This acinar differentiation by the lesional cells could readily be distinguished from normal acinar cells by their lesser cytoplasmic volume, irregular anastomosing pattern, and absence of ductal structures or islets. No significant nuclear atypia or mitotic activity was detected.
In 2 cases, the lining epithelium was focally mucinous ( Fig. 2E ), closely resembling gastric foveolar-type epithelium with an apical mucin cap. Focal squamous lining epithelium was observed in 1 case (Fig. 2F ).
The stroma adjacent to the cysts showed hyalinizing-type fibrosis with no cellular ovarian-type stroma. In 2 cases, large zones of denuded epithelium were noted associated with histiocytic infiltration of the wall. Eosinophilic lamellated concretions and club-like pseudopapillae were not observed. 
Multilocular Variant
This variant was characterized by multiple cysts that varied in size from <1 mm to several centimeters. Similar to their unilocular counterpart, these were lined by a single layer of epithelium varying from nondescript flattened/ cuboidal epithelium to cells with overt acinar differentiation. The lining epithelium showed a greater degree of heterogeneity, harboring focal squamous (n = 2) and mucinous cells (n = 2). In 1 case, mucinous epithelium was seen involving a larger proportion of lining epithelium, up to 20% to 30% of the lesion. This case showed an admixture of cysts lined by acinar-type epithelium, whereas other cysts were lined almost entirely by gastric foveolartype epithelium but still contained acinar epithelium merging with mucinous epithelium within the same cyst ( Fig. 3A) .
Eosinophilic lamellated concretions (n = 3) were noted in the lumen (Fig. 3B ), and intracystic club-like pseudopapillae ( Fig. 3D , E) with a fibrous stalk were observed (n = 5).
The cyst walls, like the unilocular counterparts, were fibrous and hyalinized with no cellular ovarian-type stroma, and focal epithelial denudation with a histiocytic reaction (n = 1) was observed. In addition, focal calcification and metaplastic ossification (n = 1) were noted.
Concentric fibrous scars (n = 2), likely representing obsolescent cysts, were occasionally found. In 1 case, a lymphocytic vasculitis was noted adjacent to the cyst. The patient was not known to have a systemic vasculitic syndrome, and whether this represented a localized vasculitis of the gastrointestinal tract or an initial manifestation of a more severe systemic vasculitis syndrome was not known. 12 
Background Pancreas
The background pancreas in both variants lacked histologic evidence of chronic pancreatitis. Minor foci of obstructive-type pancreatitis were observed immediately adjacent to and/or between cysts in 2 cases and 3 cases of unilocular and multilocular variants, respectively. The remainder of the pancreas otherwise appeared normal.
Pancreatic intraepithelial neoplasia (PanIN) 1A was noted in 50% of cases (1 unilocular variant and 4 multilocular variants). In addition, the unilocular case also harbored focal PanIN-2. No high-grade PanIN (PanIN-3) was detected.
ACA With Mural Nodules
Two of the multilocular variants contained cellular mural nodules (Figs. 3D, E) composed exclusively of acinar cells, intimately admixed with cysts typical of the multilocular variant of ACAs lined by cuboidal epithelium with pale cytoplasm and columnar cells with apical bright red granules. In some instances the nodules were intraluminal (Figs. 3E, F). In other foci the mural nodules were identified adjacent to the lining epithelium. The nodules were composed of acinar cells arranged in a distorted "acinar" pattern forming a complex anastomosing pattern without solid/nested growth. Cells lining the cysts and present within these nodules lacked cytologic atypia, and mitotic figures were infrequent. No islets or ductal structures were present within these nodules. The immunohistochemical profile of the cells within these nodules was distinctly different from the background normal acinar cells (see below). No tumor necrosis, perineural invasion, or vascular invasion was identified.
Histochemical and Immunohistochemical Stains
In both unilocular and multilocular variants, the periodic acid-Schiff stain with diastase pretreatment highlighted apical granules of acinar cells (Fig. 4A ). However, in the majority of cases, these granules were easily seen on the H&E stain ( Fig. 2B ).
Trypsin and/or chymotrypsin were positive not only in epithelium recognized as acinar on H&E (Fig. 4B ) but also in a proportion of nondescript flattened/cuboidal epithelium, confirming their acinar nature (Fig. 4C) . However, in all cases portions of nondescript epithelium or epithelium resembling ductal cells were also seen lacking trypsin/chymotrypsin immunoreactivity. Foci of mucinous and squamous epithelium were negative for both antigens. Additional immunohistochemical staining studies showed the following staining patterns in the acinar cells, including the proliferative nodules: CK7 positivity in 4 of 4 cases, CK19 positivity in 2 of 2 cases, MUC1 positivity in 3 of 3 cases, and MUC6 positivity in 6 of 6 cases. The CK7, MUC1, and MUC6 stains were also positive within the centroacinar region of the pancreatic parenchyma (Fig. 4E) . However, the nonlesional acinar cells were negative for these markers. In 2 cases stained for neuroendocrine markers synaptophysin, chromogranin, and/or CD56, the lining epithelium was negative in both. One of the 2 cases was stained additionally for estrogen receptor and progesterone receptor, both of which were negative. b-Catenin was used in 1 case, which demonstrated cytoplasmic and membranous staining with no nuclear staining identified (Fig. 4F ). Ki-67 performed in both ACAs with mural nodules showed a low proliferative index ( < 2%), similar to the rest of the lesion.
Array Comparative Genomic Hybridization
aCGH performed on the mural nodules of 1 of the 2 ACAs with mural nodules showed multiple gains involving: 1(p36.33); 1(p36.21-p36.13); 1(p22.1-p21.3); 3(p24.1); 5(q32); 6(p21.33-p21.32); 6(p21.1); 7(q11.23); 8(p23.1); 8(q24.11); 10(q21.3); 11(p15.5-p15.4); 11(q13.2); 14(q22.2); 20(p12.2); 20(q13.32); X(p11.23); X(q28). Most of these gains were focused on individual genes, with candidate genes including TGFBR2, WEGFA, EXT1, ERG2, IGF2, CDKN1C, BMP4, SIX1, HNF1B, and JAG1.
Follow-up Information
Follow-up information was available in 6 patients. The median follow-up was 19.5 months (range, 5 to 67 mo; mean, 30.3 mo). No recurrence or metastasis was reported. One of the two multilocular ACA with mural nodules was resected 11 months before the study; hence, no meaningful follow-up was available, and follow-up information for the other was not available.
DISCUSSION
Until approximately a decade ago, conventional opinion was that all pancreatic acinar neoplasms were malignant. 3 In 2000, a novel cystic change referred to as "cystic acinar transformation" of the pancreas was described. 13 Two years later, Albores-Saavedra 6 described a multilocular cystic lesion in the body/tail of the pancreas demonstrating acinar differentiation under the name "acinar cystadenoma." This was followed in the same year by the largest series to date of 6 cases of ACA (with an additional 4 incidental microscopic lesions in pancreas that were removed for another lesion) detailing the clinicopathologic features of this rare entity. 5 Since then, ACA has been mostly the subject of single-case reports and has been referred to synonymously with "acinar cystic transformation" of the pancreas. [7] [8] [9] [10] In the present study, the mean age of the patients was 49 years with a strong female predilection, similar to that reported in the literature ( Table 5 : mean, 41 y; range, 9 to 58 y; M:F, 1:3). When symptomatic, abdominal and/ or flank pain was the most common presentation. The lesions were distributed throughout the pancreas; however, the head of the pancreas appeared to be afflicted most frequently. These findings are consistent with that reported in the literature (Table 5) .
Microscopically, all lesions, whether unilocular or multilocular, contained cells with acinar differentiation without atypia or other features of malignancy. However, a finding that had not been emphasized in previous reports and only described briefly in the recent Armed Forces Institute of Pathology Atlas of Tumor Pathology Series 4: Tumors of the Pancreas, 14 is the potential for the epithelium to lack overt morphologic features of acinar differentiation and the possibility of epithelial heterogeneity. Flattened to cuboidal nondescript epithelium may be seen lining significant portions of cysts, which may lead to diagnoses such as an unclassified pancreatic cyst, retention cyst, or SCA. However, these cells often show acinar differentiation immunohistochemically and thus represent acinar cells with an attenuated appearance likely secondary to increased intraluminal pressure and cystic dilatation. A proportion of these cells also lack trypsin/chymotrypsin expression and may represent foci of ductal metaplasia. In addition, foci of mucinous and squamous epithelium were also noted in a proportion of cases. More extensive areas of epithelial heterogeneity may be seen in the multilocular variant although overall representing a minority of the total lining epithelium. In all cases, diagnostic areas of acinar differentiation are always seen, including abortive acinar formation. The recognition of this heterogeneity and the potential for the acinar epithelium to have an attenuated appearance has important diagnostic implications. This mandates adequate sampling to avoid missing diagnostic areas, and judicious use of immunohistochemistry may help confirm acinar differentiation.
In our experience, the diagnosis of ACA is often overlooked and misdiagnosed as an unclassified pancreatic cyst, retention cyst, or unilocular SCA. Unilocular SCAs, although lined by a single layer of epithelium, typically show glycogen-rich clear cytoplasm and a rich network of capillary channels beneath the epithelium, a finding not seen in ACAs (Fig. 2B, inset) . ACAs may be distinguished from MCNs, which are lined exclusively by mucin-producing epithelium and possess characteristic cellular ovarian-like stroma. Unlike IPMNs, ACAs do not exhibit the typical papillary formations and other epithelial cell types of IPMN. A recently described entity, squamoid cysts of pancreatic ducts, may on initial lowpower examination show superficial resemblance to ACA, including a variable lining with flattened or attenuated epithelium, focal connections with ductules of adjacent acini mimicking acinar differentiation within the cyst wall, and mucoproteinaceous acinar secretions within the cyst lumen. 15 However, on closer scrutiny the distinction is easily made as conspicuous areas of squamoid or transitional epithelium will be present that may be confirmed with a p63 stain. Squamous differentiation was seen in only 3 cases of ACA and when present constituted <5% of the tumor. In contrast, in the appropriately sampled lesion, a predominance of acinar differentiation is demonstrated in ACA, although this may require immunohistochemistry to aid its identification in parts of the lesion.
Probably the most important distinction is the differentiation from acinar cystadenocarcinoma. ACAs show more orderly polarity of the acinar cells and lack significant nuclear atypia, mitotic activity, hemorrhage, necrosis, solid or complex proliferations including cribriform formations, and presence of invasive growth.
Follow-up of all ACAs in this study has universally disclosed a benign outcome, consistent with that reported in the literature (Table 5 : range, 6 to 97 mo; median, 30 mo; mean, 39.4 mo). However, the exact nature of this lesion, whether representing a true benign neoplasm or a non-neoplastic lesion, is debated. 5,7,10 Some histologic features may suggest a non-neoplastic lesion. The often intimate admixture of cystic structures with dilated but otherwise normal-looking acini within a lesion has been suggested as possibly favoring a non-neoplastic process. 6 The fact that some cysts are lined by cells resembling ductal cells has led to the question of whether this cystic lesion is metaplastic and of ductal origin. 6 In addition, cysts lined by acinar epithelium, such as lesions measuring <0.5 cm, are common incidental findings in pancreatic resections. 16 These lack both atypia and mitotic activity and as such could be termed "retention" cysts. Although by definition a retention cyst is dilatation of the pancreatic ductal system, it is conceivable that progressive non-neoplastic duct dilatation that expands into and incorporates the surrounding acinar and endocrine components of the pancreas could entrap acinar cells, as suggested recently in an abstract by Singhi et al. 17 However, although small incidental cysts with acinar cells could plausibly represent a retention cyst, the presence of single large ACAs in an otherwise normal pancreas without duct obstruction, chronic inflammation, or fibrosis is suggestive of a neoplasm. 6, 9 Although some cases showed focal obstructive pancreatitis-like changes in the immediate vicinity of cysts, the remainder of the pancreas was otherwise normal, and these changes could be explained by secondary localized compressive effects of an autonomously growing lesion. Four lesions in the present study also showed an increase in the size of the cysts on sequential imaging, further evidence supporting a neoplastic process.
To the best of our knowledge the finding in this study of ACAs with mural nodules has not been previously described. The mural nodules, we believe, are further evidence of neoplastic growth of the acinar epithelium. Although in their series of ACAs, Zamboni and colleagues 5 described and illustrated cysts (Figs. 3, 4 of their study) merging with ectatic acinar tissue with some similarity histologically to the mural nodules in the current study, these foci ( Fig. 3 of their study) formed a "collar" around the periphery of cysts rather than conspicuous intraluminal nodules as in the present study, which may be visible to the naked eye measuring up to several millimeters in diameter. Although it might be construed that these represent unfolding of acini due to gradual non-neoplastic expansion of dilated ducts extending into pancreatic acini, unlike normal acini of the pancreas these nodules lacked ducts or islets despite extensive sampling of the nodules. In addition, the cells demonstrate an immunohistochemical profile distinct from acinar cells of the normal pancreas. This would be difficult to reconcile with the notion of a non-neoplastic cyst and lends support to a true neoplastic process.
More importantly, the findings on aCGH support the neoplastic nature of these nodules. This is the first study to report copy number changes in ACA. Genomic imbalances were dominated by copy number gains involving small submicroscopic (< 2.7 Mbp) regions on chromosomes 1p, 3p 6p, 7q, 8, 10q, 11, 14, 20, and X. A few cancer-associated genes were involved in these lowlevel copy gains, although no significant copy losses of cancer genes were noted. Interestingly, a prior study that evaluated acinar cell carcinoma by CGH also showed associated copy number gains more often than copy losses. The karyotype in these cases was complex, showing a few consensus regions involving chromosomal bands 1q21, 1q42, 12p11.2, and Xq12-21. 18 However, it is noted that this study utilized an older CGH technique based on hybridization against a metaphase chromosomal spread, which would effectively yield poorer resolution than the oligonucleotide array used in our current work. Overall, our aCGH results suggest that ACAs display focal genomic copy number gains of cancer genes as part of a neoplastic process. Nonetheless, as aCGH was performed on only 1 case (aCGH was not performed on the second case received in consultation and could not be performed on the other cases because of the lack of cellularity), it cannot be excluded that a subset of so-called ACAs may be reactive non-neoplastic proliferations of the pancreas. These preliminary findings should be confirmed by future studies including expanded array copy number analysis and high throughput sequencing of these lesions to further delineate the potential neoplastic nature. It has been proposed that ACAs may be the precursor to acinar cystadenocarcinomas, 5 and these ACAs with mural nodules may represent a step in the progression toward acinar cystadenocarcinoma. It would be interesting to see whether future molecular genetic studies are able to identify similar abnormalities in acinar cystadenocarcinomas.
Information on serum markers in patients harboring ACAs and cyst fluid analysis is sparse. McEvoy et al 10 first reported elevated cyst fluid lipase and amylase in an ACA. Similar to their findings, cyst fluid amylase was The trypsin immunohistochemical stain highlights acinar epithelium with apical snouting and undulation or invagination of the underlying stroma forming abortive acinar formations (arrows). In addition, the anastomosing glands of the proliferating nodules are also positive for trypsin. It is noteworthy that portions of flattened/cuboidal nondescript epithelium are also highlighted by trypsin confirming their acinar differentiation despite their nondescript appearance on H&E (arrowheads). However, a proportion of cuboidal nondescript or duct-like epithelium lacks staining and may represent foci of ductal metaplasia, highlighting the epithelial heterogeneity of the epithelium. A similar staining pattern was noted with chymotrypsin (not shown). D, The MUC6 immunoperoxidase stain decorates the lining epithelium of the cyst (arrowhead). In addition, it also highlights the mural nodules (arrow). A similar staining pattern was observed with CK7 and MUC1 (not shown elevated in most cases (80%) in the current study. In addition, serum lipase and/or amylase were also elevated in most cases (75%).These findings may lead to an erroneous consideration of a pancreatic pseudocyst, a potential pitfall. However, elevation of amylase in the serum or cyst fluid would also be consistent with an ACA. The clinical history may be helpful in this instance-for example, an absence of a history of trauma, alcohol abuse, or pancreatitis. In 2 cases, cyst fluid CEA levels of 194 ng/ mL (case 9) and 781 ng/mL (case 7) were noted, and in 1 case (case 9), the possibility of a mucinous cyst was raised, although other cystic lesions could not be entirely excluded (eg, SCA). 19 As noted in the present study, ACAs may harbor mucinous epithelium, which was demon-strated in both of these cases on resection, and such elevations in CEA may be a reflection of this epithelium. It is noteworthy that the cyst fluid amylase was also elevated (case 9). Another potential pitfall is the ability of acinar epithelium to mimic neuroendocrine cells and vice versa, 20, 21 with the potential for misinterpretation of ACA as a cystic pancreatic endocrine neoplasm, as seen in 1 case. The exact etiopathogenesis of ACAs is not known. It is assumed that ACAs arise from the acinar compartment. The finding of CK7 staining, a marker not found in normal acinar cells but present in ductal cells, has been attributed to plasticity of acinar cells and acinar-ductal transdifferentiation with support from experimental models. [22] [23] [24] [25] [26] [27] It is noteworthy that in the present study the acinar epithelium was observed to stain for MUC1, MUC6, and CK7. This immunoprofile was also observed in the centroacinar compartment of the adjacent normal pancreas, a finding that raises the possibility of a histogenetic link and possible origin from the centroacinar compartment. [28] [29] [30] A centroacinar origin has also been suggested for several other cystic lesions of the pancreas including SCA, squamoid cysts of the pancreatic ducts, and solid pseudopapillary neoplasm. 15, 30, 31 Such an origin has even been postulated for ductal adenocarcinoma by acinar-ductal transdifferentiation and the development of PanIN as an intermediate step. 32, 33 This raises the possibility that ACAs may develop from a multipotential cell within this compartment with the potential for differentiation along various lineages, a hypothesis that would also explain the epithelial heterogeneity of ACAs. Future molecular genetic studies may provide further clues to the nature of this unusual lesion.
In summary, ACAs are rare cystic lesions of the pancreas with a female predilection and mean age of onset in the fourth decade. Patients with ACAs often show elevation of serum amylase and/or lipase and elevated cyst fluid amylase with or without CEA elevation, the latter a potential pitfall raising the possibility of a mucinous cystic lesion. Histologically, ACA may show epithelial heterogeneity, particularly in multilocular variants, and the acinar epithelium may be attenuated masking recognition. These highlight the importance of adequate sampling and judicious use of immunohistochemistry as an adjunct to diagnosis. Although the neoplastic nature has been debated, the finding of multilocular ACAs with mural nodules harboring multiple gains by aCGH provides support for a neoplastic lesion.
